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Objectives We sought to demonstrate the long-term natural course of descending aorta dilation after acute aortic dissec-
tion (AD) and identify early predictors for late aneurysmal change.
Background Aneurysmal dilation of the aorta is a critical late complication in AD patients.
Methods Contrast-enhanced computed tomography (CT) was performed during the acute phase in 100 AD patients, com-
prising 51 type 1 who underwent ascending aorta surgery and 49 type 3 AD patients. Clinical observation was
conducted for 53  26 months, and CT was repeated for 31  27 months.
Results Aneurysm (diameter 60 mm) occurred in 14.4%, 8.2%, 4.1%, and 3.1% of patients at the upper descending
thoracic aorta (UT), mid descending thoracic aorta (MT), lower descending thoracic aorta (LT) and abdominal
aorta (AA), respectively. Of 53 patients in whom CT was repeated for 2 years, the rates of aorta diameter en-
largement at the UT, MT, LT, and AA levels were 3.43  3.66 mm/year, 3.21  2.70 mm/year, 2.62  2.19
mm/year, and 1.93  3.13 mm/year, respectively (p  0.01), and aneurysm developed in 15 (28%). The initial
false lumen diameter at the UT, the aorta diameter at the MT, and Marfan syndrome were independent predic-
tors of late aneurysm. A 22-mm initial false lumen diameter at the UT predicted late aneurysm with a sensitiv-
ity of 100% and a specificity of 76%. The patients with initial UT false lumen diameter 22-mm (n  42)
showed higher event rate (aneurysm or death) than others (n  58) (p  0.001).
Conclusions The UT is the major site of late aneurysmal dilation. A large UT false lumen diameter on the initial CT portends
late aneurysm and adverse outcome warranting early intervention. (J Am Coll Cardiol 2007;50:799–804)
© 2007 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.03.064r
s
t
c
s
p
t
A
f
T
v
t
a
m
M
Pneurysmal dilation of the aorta is one of the most critical
ate complications causing a poor long-term outcome in
atients with type 3 aortic dissection (AD) (1–4) and type
AD after ascending aorta surgery (5–7). Close long-term
linical monitoring involving imaging studies is essential for
oth prevention of aortic rupture and for undertaking of
imely surgical or percutaneous interventions (2,3,5).
See page 805
Recently, stent-grafting has been reported as a safe and
ptimal therapeutic option for patients with distal AD
8–10), and it has provided favorable results compared with
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007, accepted March 13, 2007.esults of surgery in some reports (4,11). It has been
uggested that stent-grafting to the distal AD could protect
he dissected aorta from delayed dilation and rupture by
losing the major intimal tear site (9). However, in terms of
tent-graft implantation, treatment of acute AD was re-
orted to result in poorer clinical outcomes than was
reatment of chronic AD (11). Some patients with distal
D do not develop late aortic aneurysms and are success-
ully managed for many years with medical treatment only.
herefore, choosing optimal patients and times for inter-
ention is important. To address this issue, we investigated
he long-term natural course of distal aorta dilation after
cute event and identified early predictors for late aneurys-
al change in AD patients.
ethods
atient population. A total of 100 patients with AD
nvolving descending thoracic aorta (age 53  13 years, 40
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enhanced computed tomography
(CT) was performed within 48 h
of symptom onset were enrolled,
including 51 patients with De-
Bakey type 1 and 49 patients
with DeBakey type 3 AD. Six
patients had Marfan syndrome.
For type 1 AD patients, ascend-
ing aorta surgery was performed
within 24 h of diagnosis, includ-
ing ascending aorta graft replace-
ment in 15 patients, ascending
aorta and hemi-arch replacement
in 31 patients, and total arch
replacement in 5 patients. Type 1
D patients who died perioperatively at the initial ascend-
ng aorta surgery were excluded from this study.
T and imaging follow-up. The CT scans were performed
ith a variety of scanners obtaining axial images with
ontiguous 2.5- to 10-mm thick sections from the top of
ortic arch to the iliac bifurcation. All CT examinations
ere performed with and without contrast material en-
ancement. The CT angiography was performed with a
olus injection of 100 to 120 ml of contrast agent at a rate
f 3 ml/s via an automated injector.
Using CT images, the aorta diameter was measured at the
ortic arch, upper descending thoracic aorta (UT), mid de-
cending thoracic aorta (MT), and lower descending thoracic
orta (LT), and abdominal aorta (AA) at the level of the
idaortic arch, just distal to the aortic arch, pulmonary artery
ifurcation, the center of the left atrium, and periumbilicus,
espectively. The maximum false lumen diameter was also
easured at the UT, MT, LT, and AA. True and false lumens
ere determined by evaluating continuity with normal aorta
umen. If the intimal flap was shown as 2 lines on the CT
mage due to wavering, the midportion between the 2 lines was
efined as the intimal flap position. The ratio of the false
umen diameter to the aorta diameter was also calculated. The
T was repeated for a period of 31 27 months. In 9 patients
omprising 2 type 1 AD and 7 type 3 AD patients who
nderwent surgery on the descending aorta during the
ollow-up period after the initial CT, CT performed before
urgery was included and CT after surgery was excluded from
he analysis. The rate of aorta dilation was calculated using the
orta diameter measurements on the initial and the final
ollow-up CT and the follow-up period: (follow-up diameter
initial diameter)/follow-up duration. On the follow-up CT,
n aorta diameter 60 mm was defined as an aneurysmal
hange (2,12,13), and obliteration of the false lumen with a
alse lumen diameter3 mm was defined as complete resorp-
ion (14). Follow-up CT was performed for24 months in 53
atients (27 type 1 and 26 type 3 AD patients).
linical follow-up. Clinical observation was conducted for
3 26 months. Data were obtained during patient visits to
Abbreviations
and Acronyms
AA  abdominal aorta
AD  aortic dissection
CI  confidence interval
CT  contrast-enhanced
computed tomography
LT  lower descending
thoracic aorta
MT  mid descending
thoracic aorta
OR  odds ratio
UT  upper descending
thoracic aortahe hospital or by telephone interview conducted by a mrained cardiologist. Clinical events were defined as “aneu-
ysmal change at any part of the aorta” and “death.”
tatistical analysis. Statistical analysis was performed us-
ng SPSS 12.0 (SPSS Inc., Chicago, Illinois). Numerical
alues are expressed as mean  standard deviation. Student
npaired t tests were used to assess differences between
roups. Fischer exact test was used to compare frequency
atios between groups. A 1-way analysis of variance
ANOVA) was used to determine significant differences in
he aorta dilation rate among the 3 types of ascending aorta
urgery in type 1 AD patients. Comparison of the aorta
ilation rates in multiple locations was performed using
epeated-measures ANOVA. Comparisons of variables be-
ween the initial and follow-up CT were evaluated using
aired t tests. Multiple stepwise logistic regression analysis
as used to identify independent predictors of late aneurys-
al change. A receiver-operating characteristics curve anal-
sis was performed to determine the best cutoff value for
redicting a late aneurysm. Kaplan-Meier analysis was used
o determine the event-free survival rate, and the difference
etween groups was analyzed using log-rank test. A p value
0.05 was considered significant.
esults
atural course and aneurysmal change of distal AD. Of
1 type 1 AD patients after ascending aorta surgery, 8
howed aneurysmal change in the distal aorta, and 3 died
6, 21, and 71 months after the onset of acute AD.
omplete resorption of the false lumen occurred in 6
atients with type 1 AD. Of 49 type 3 AD patients, there
ere 2 in-hospital deaths. During the follow-up period, 12
atients showed aneurysmal change, and 1 patient died 36
onths later. Complete resorption of the false lumen
ccurred in 3 patients with type 3 AD. The incidences of
neurysmal change were 3.1% (0% in type 1 and 6.5% in
ype 3) at the aortic arch, 14.4% (15.7% in type 1 and 13.0%
n type 3) at the UT, 8.2% (7.8% in type 1 and 8.7% in type
) at the MT, 4.1% (2.0% in type 1 and 6.5% in type 3) at
he LT, and 3.1% (2.0% in type 1 and 4.3% in type 3) at the
A (Fig. 1). Nine patients who showed complete resorption
uring the follow-up period tended to have smaller initial
alse lumen diameters at the UT (17  7 mm vs. 21  7
m, p 0.14), MT (17 7 mm vs. 20 7 mm, p 0.18),
nd LT (16  8 mm vs. 20  7 mm, p  0.17) compared
ith others, although there was no statistical significance.
his tendency was more prominent in type 3 AD patients,
t the UT (12  11 mm vs. 22  8 mm, p  0.08), MT
12  11 mm vs. 21  8 mm, p  0.09), and LT (12  11
m vs. 20  8 mm, p  0.11).
redictors of long-term aneurysmal change. Of the 53
atients who underwent imaging follow-up for 24
onths, the rates of aorta diameter enlargement at the UT,
T, LT, and AA levels were 3.43 3.66 mm/year, 3.21
.70 mm/year, 2.62  2.19 mm/year, and 1.93  3.13
m/year, respectively (p 0.01). The rates of aorta dilation
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August 21, 2007:799–804 Late Aneurysmal Change of Distal Aortic Dissectiont the UT, MT, LT, and AA levels were 3.79  4.14, 3.54
2.87, 2.79  2.66, and 2.55  3.91 mm/year, respec-
ively, in 27 type 1 AD patients (p  0.22), and were 3.05
3.12, 2.87  2.53, 2.45  1.61, and 1.28  1.92
m/year, respectively, in 26 type 3 AD patients (p 
.005). The rates were not significantly different between
he 2 AD types at any location. For type 1 AD patients,
here was no significant difference in the rate of aorta
ilation at any part of the aorta among the 3 different types
f ascending aorta surgery. At the UT, the rate of aorta
ilation significantly correlated with the initial false lumen
iameter (r 0.38, p 0.005), but not with the initial aorta
iameter (r  0.05, p  0.73). Of the 53 patients who
Figure 1 Incidence of Distal Aorta Aneurysm
Incidences of aneurysm at the aortic arch; upper, mid, and lower descending
thoracic aorta; and abdominal aorta in patients with type 1 and type 3 aortic
dissection.
Baseline Characteristics and Initial MeasuremeL te A urysmal Change Amo g Patient in Wh>24 Mont
Table 1
Baseline Characteristics and Initial
Late Aneurysmal Change Among Pa
>24 Months
Aneurysm ()
(n  15)
Age (yrs) 50 5
Female gender (%) 27
Marfan syndrome (%) 20
Hypertension (%) 47
Diabetes (%) 13
Imaging follow-up period (months) 56 28
Initial CT measurements
UT diameter (mm) 42 6
UT false lumen (mm) 26 4
MT diameter (mm) 38 6
MT false lumen (mm) 22 4
LT diameter (mm) 33 4
LT false lumen (mm) 21 5
AA diameter (mm) 25 9
AA false lumen (mm) 13 10AA abdominal aorta; CT contrast-enhanced computed tomography; LT l
UT  upper descending thoracic aorta.nderwent imaging follow-up for 24 months, 15 (28%)
howed aneurysmal change. In those 15 patients showing
ate aneurysmal change, compared with the initial CT, the
atio of the false lumen diameter to aorta diameter signifi-
antly increased at the UT (0.63  0.10 to 0.74  0.09, p
0.005) and MT (0.60  0.13 to 0.72  0.09, p  0.01)
ccording to follow-up CT, whereas the ratio did not
ignificantly change at either the UT (0.52  0.12 to 0.51
0.28, p  0.93) or MT (0.55  0.12 to 0.54  0.28, p
0.95) in 38 patients without late aneurysmal change.
hose 15 patients with late aneurysmal change tended to
ave higher proportion of Marfan syndrome and diabetes
han the 38 patients without late aneurysmal change (Table
). The 15 late aneurysmal change patients had significantly
arger initial aorta diameters and false lumen diameters at
he UT and MT, and larger initial false lumen diameters at
he LT than the 38 patients without aneurysmal change.
ultiple stepwise logistic regression analysis including these
ariables showed that Marfan syndrome (p  0.05), a large
nitial false lumen diameter at the UT (odds ratio [OR]
.50, 95% confidence interval [CI] 1.15 to 1.95, p 0.005),
nd a large aorta diameter at the MT (OR 1.77, 95% CI
.08 to 2.90, p  0.05) were independent predictors for late
neurysmal change. The initial false lumen diameter at the
T showed a larger area under the curve on the receiver-
perating characteristics curve for predicting late aneurys-
al change (0.91, 95% CI 0.83 to 0.98) than the initial
orta diameter at the UT and the initial false lumen
iameter and aorta diameter at the MT (Fig. 2). A
22-mm false lumen diameter at the UT on the initial CT
redicted a late aneurysm with a sensitivity of 100% and a
pecificity of 76% (Figs. 2 and 3). The best cutoff values in
ype 1 and type 3 AD patients were 22 mm and 21 mm,
espectively. Of the 53 patients who underwent imaging
f Patients With and Withoutaging Was Repeated for
surements of Patients With and Without
s in Whom Imaging Was Repeated for
Aneurysm ()
(n  38)
Univariate
p Value
Multivariate
p Value
52 10 0.60
39 0.53
2.6 0.06 0.05
55 0.76
0 0.08
48 18 0.31
37 5 0.01
19 4 0.001 0.005
34 3 0.05 0.05
18 4 0.005
31 4 0.06
18 4 0.05
21 3 0.10
9 5 0.09nts oom Im
Mea
tientower descending thoracic aorta; MTmid descending thoracic aorta;
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Late Aneurysmal Change of Distal Aortic Dissection August 21, 2007:799–804ollow-up for 24 months, the 24 patients with a 22-mm
alse lumen diameter at the UT on the initial CT showed
ignificantly higher rates of aorta dilation at the UT (5.04
.32 mm/year vs. 2.16  2.40 mm/year, p  0.005) and
T (4.44  2.64 mm/year vs. 2.16  2.40 mm/year,
 0.005) than the 29 patients with a22-mm initial false
umen diameter at the UT (Fig. 4). In a total of 100
atients, 42 patients with a 22-mm initial false lumen
iameter at the UT tended to have a higher mortality (17%
s. 5%, p  0.09) and showed significantly higher incidence
f aneurysmal change (42% vs. 5%, p  0.001) than 58
atients with a 22-mm initial false lumen diameter at the
T. The former patients had a significant lower event-free
Figure 2 Receiver-Operating Characteristics Curves
Receiver-operating characteristics curves of the initial false lumen diameter and ao
predicting late aneurysmal change in patients with distal aortic dissection. The nu
Figure 3 Three Representative Examples of Long-Term Outcom
Two patients with a small initial false lumen diameter at the upper descending thorac
rysm for approximately 3 years (middle), while another patient with a large initial falseurvival rate than the latter patients by the log-rank test
p  0.001) (Fig. 5).
iscussion
ate of aorta dilation. In terms of dilation location, the
resent study found that the rate of aorta dilation was
ighest at the UT, and the most common site of aneurysmal
hange was also UT. The study found no significant
ifference between type 1 and type 3 AD patients in terms
f the rate of distal aorta dilation, even though tearing sites
n the ascending aorta were removed by surgery in type 1
atients. This result might explain a previous observation
ameter at the upper (A) and mid descending thoracic aorta (B) for
n the curve represents the cutoff value of the point. CI  confidence interval.
showed a complete resorption of the false lumen (left) or did not show an aneu-
diameter developed an aorta aneurysm after approximately 2.5 years (right).rta di
mber oes
ic aorta
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August 21, 2007:799–804 Late Aneurysmal Change of Distal Aortic Dissectionhat late survival after discharge from the hospital was
imilar for patients with all types of AD and modes of
herapy (15), and suggests that a late aorta aneurysm is a
ong-term complication of distal AD irrespective of AD
ype or ascending aorta surgery. Such a finding must be
ttributed, at least in part, to the observation that in distal
orta it is very common for the false lumen patency to be
aintained even after ascending aorta surgery in type 1 AD
atients (5,6). In the present study, all except 6 (12%) type
Figure 4 Rates of Aorta Dilation
Rates of dilation at the upper and mid descending thoracic aorta in patients with l
Each line connects the initial aorta diameter with the final follow-up aorta diamete
the upper and mid descending thoracic aorta.
Figure 5 Event-Free Survival Curves
Event-free survival curves for patients with small and large
initial false lumen diameters at the upper descending thoracic aorta.lAD patients who showed complete false lumen resorption
ad a patent false lumen after surgery according to
ollow-up CT. It was reported that a total arch replacement
or acute type 1 AD might decrease the risk of late
omplications related to the false lumen, and lead to
xcellent long-term survival (16,17). However, we could not
nd any statistical difference in the rate of aorta dilation
mong 3 different surgery types according to aorta surgery
xtent in type 1 AD patients.
redictors of late aneurysmal change. It has been re-
orted that the initial descending thoracic aorta diameter is
n independent determinant of late aneurysmal formation in
atients with type 1 AD after ascending aorta surgery (6).
he current study found that the initial false lumen diam-
ter at the UT and initial aorta diameter at the MT were
ndependent predictors of late aneurysmal change in pa-
ients with type 1 and type 3 AD. Multiple logistic
egression and receiver-operating characteristics curve anal-
ses showed that the initial false lumen diameter at the UT
as the most powerful predictor and was better than the
nitial aorta diameter in terms of predicting late aneurysmal
hange. The study also demonstrated that the initial false
umen diameter, but not the aorta diameter, correlated with
he rate of aorta dilation at the UT, and that the ratio of the
alse lumen diameter to aorta diameter increased at the UT
nd MT in late aneurysmal change patients according to
ollow-up CT. These results suggest that an initial large
alse lumen at the UT is not only a cause of accelerated aorta
ilation but is also the main aorta compartment undergoing
ilation. This would likely explain why the initial false
nd small initial false lumen diameters at the upper descending thoracic aorta.
ch patient. The 2 groups differed significantly in terms of dilating rates at botharge a
r for eaumen diameter is a better predictor of late aneurysmal
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Late Aneurysmal Change of Distal Aortic Dissection August 21, 2007:799–804hange than the initial aorta diameter at the UT. A large
alse lumen probably reflects high false lumen pressure,
hich may play a critical role in dilating the false lumen
tself and generating an aorta aneurysm.
The present study also found that Marfan syndrome was
n independent predictor of late aneurysmal change. This
esult may explain a previous observation that despite
atisfactory early results, long-term survival of AD patients
ith Marfan syndrome was suboptimal (18).
linical events. It has been reported that false lumen
atency and the location of the most-dilated aortic segment
t the distal arch were independent risk factors for poor
utcome in type 3 AD patients and postascending aorta
urgery type 1 AD patients (17,19). Consistent with those
eports, we have demonstrated that patients with a large
nitial false lumen diameter at the UT (22 mm) showed a
igher rate of aorta dilation and a higher incidence of
linical events including development of aortic aneurysm
nd death compared with those with a smaller initial false
umen diameter. This result suggests that a large false lumen
iameter at the UT on the initial CT can be used as a single
ariable determining late aneurysmal change and poor
linical prognosis. Furthermore, a finding in this study that
he initial false lumen diameter tended to be smaller in
atients showing complete resorption during the follow-up
eriod suggests that a small initial false lumen diameter
ight be a predictor of a more favorable outcome, especially
n type 3 AD patients.
tudy limitations. The present study was conducted in a
ingle center and had a relatively small study population.
he study focused on the baseline characteristics and initial
T measurements as predictors of late aneurysmal change
nd clinical outcome, but the effects of medication and
lood pressure control were not considered. However, in
ost patients, multiple antihypertensive agents, including
eta-blockers, were used, and blood pressure was well con-
rolled. Finally, genetic and molecular susceptibility to the
neurysmal dilation could not be evaluated in this study (20).
linical implications. According to our data, we suggest
hat early surgical or percutaneous intervention such as
tent-grafting might be considered for patients with a large
22 mm) initial false lumen at the UT, since such patients
re more likely to show accelerated aorta dilation, develop
orta aneurysms, and suffer catastrophic clinical events. A
urther prospective randomized study of aggressive versus
onservative management guided by the initial false lumen
ize would be necessary to identify the optimal time for
nterventional treatment and to confirm the clinical advan-
age of early intervention in these selected patients.
onclusions
he UT is the major site of late aneurysmal change. A large
alse lumen diameter at the UT on the initial CT portends late
neurysm and adverse outcome warranting early intervention.eprint requests and correspondence: Dr. Jong-Min Song,
ivision of Cardiology, Asan Medical Center, University of Ulsan
ollege of Medicine, 388-1 Poongnap2-dong, Songpa-gu, Seoul
38-736, South Korea. E-mail: jmsong@amc.seoul.kr.
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